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(54) PORCELAIN COMPOSmON 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a porcelain composition having a dielectric constant whose temperature 
dependence is controlled in the microwave region. 

SOLUTION: This porcelain composition comprises forsterite. calcium titanate and spinel in a ratio of their 
respective molar fractions [forsterite : (calcium titanate) : spinel] such that the point representing the ratio falls 
within a specific compositional region containing at least two components including forsterite in the ternary system 
composition diagram with respect to these three components. Also, the temperature coefficient (t) of the dielectric 
constant of the composition is -100 to +50 ppm/* C. 
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^^m^mmz&K). ^ss (ghz) /mnf^m^ (t 

and) 2 0, OOOJI^±T$>^. ^SMfig^o 

t^m^®«?t;i^o. ^tt^<^iaffi#|gc (r) f)^. -10 
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6) f)^. 2 0, OOOJEA±-e»S. fiSSMfigiKjo 
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m.mmmz$>r). mmmommm^ (d f)^. - 1 0 0 

ppm/1Ci^±+5 Oppm/'CJEiTTfe'S, 
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3 %JEJl± 2 0 %jKAT. T i Oz : 3%eA±2 0%e4T> 
A 1 2O3 : 2 %J!^Ji4 5 %JKTT*S. SSSfflfiKiJo 

[0 0 0 1] 

^mzmr^o 

[0 0 0 2] 

mM(D^m^ ^mmnmzmn^mmm^mtvx. 



I^M 2000-344571 

2 

'ry-<V\t,. UQOt. S i OzCOKiS^^iKJcfcDffilfiE 

t\z^y). y:t)V7.y^y-(h(D. Mmi&mmz:^\,f^m 

2 6 2 5 6 2^^S) o *^*^S:7:t;^X5^^< htCiSVi 

x\t. t an6\t. 10-^-1 o-^<Dm^mm\z$>^o 
[0 0 0 3] vf)^i.f3ii)^ib. m^ifi. mn&mm(om± 
(c^t/ETstctt. ^mmm&mo>m^(Dmmf)^m^^^x 
oi^o mm<DMmi\:\z\t. Mm^'r/u:^^m^. 
^mm ' m^^i^ui^^^ko^z. i&mmmRzs&mmm^ 
x^^ztf)^m^n^o ^fc. mmm&sc^(Dm6^it\z 
nm\.x. mmmi&^ommit ' ^^{k^m^nxi^^ 

[0 0 0 4] 

immm^i^^'^ tr^nm] ^tzx. ^^mx\t. 

[0 0 0 5] 

&m^lk (t : + 1 1 6 ppm) ^/h^<r^rzisb\tZ. 

y^)iy.y^y-r hh\tm(Dum^M^m-r^mAtvx 

>mtiJlz^OIx (r:-1800ppm) ^Mlfs 
; U >- ^ A IB T ^ C ^ I C <k o T ^ i; ^ ^ tt « * CO ta SD 

t;^;K3[)^:;U5>ip (:7:t;l^X5=-^-r h : ^:^>^tt)Vz^ 

u^mmiz^&r). miksc (ghz) /ssfl^a^fe (tan 

6) i)^. 2 0. 0 0 0iE^±-^^^. 

Ai. xt:^;i'<D^;i/^j'^ (:7;r;i/X5^^^ h :^^^> 
#offi^s«s«tc:^o> 2 7^ -2 8'* (ommizmm-r^ 

mm\^-^(Dy:tJV7s'ry< h1&^<o±m9r\^''^\zM 
[0 0 0 6] >';t;px7^^< h<h> ^-^ym 

h : ^i^>mt})Vi^^Ix : Xt!^;l/) :;?^^> zn^^^» 
m<Dm^M\Z:i6\,^X. y:t)VXy'y^ h^^tSd^f^Kt 

(r) f}^. -1 0 0ppm/'CJKJl±+5 0ppm/1C£t 
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[0 0 0 7] ^fz. y:t)VXy^y'iht. ^ 

hzifim^^t^m,^mmz$>r>. mmm (ghz) /mm 

(t an(5) 2 0. 0 0 0&.±'^S>^. «S 
( r ) y)^. - 1 0 0 p pm/1CI^^±+ 5 0 p pm/'CtA 

wmxcD^ejv^mf)^. Mg0 3 o%eii±6 1 %ejiT. s 

i O2 : 0 %)^± 2 9 %£AT> C a O : 3 %JeJL_h 2 0 % 
JEAT. T i O2 : 3 %JEA± 2 0 %6tT* A 1 2O3 : 2% 20 

CO 0 0 8] 

[0 0 0 9] *:^^CD?Sg§mfig#JtC43l.iTt^. ;in^0 

iiti^WL»ybm(Dm^mwmmz^ox^WLftn^^t: 
mz^n^^Winn\zmhx^K>. ^^7tm<Dmit^Wi: 

[0 0 10] ^^S^^^H^^cD^;i^5)^^H, H^i)- 

m\z^n^AL^^mm^^m(D^)v^mt.. m i tc^sv^ 

[0 0 11] *%W<7)mggm£tK^ti. e:<^)ffi£S®^tc4D 
1 0 0 p pm/t:iE^±+ 5 0 p pm/'Cie^lTc^agg 

±-e*o. cfcD»*u<Ji. -7 0 ppm/t:«±-e» 
TTfcSo sfs^oiaaftSfi, mnw^m^mz^o so 
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0t:-8 OX:c7)®H-C&0, J;0R«^MfCtt2 7t:d^6 

8 ot:co®ht'^^o 

[0 0 12] *5!W<DaSfflfiK®J(i> eicomfiKfi 
mz^\,^X. raifiSc (GHz) /Kmfl^fi^ (t an5) 
i)^. 2 0, 0 0 0t^±T$.^, ^gfflfiK1S^T»-5o 
X. mmi (GHz) /^tt«^ffl^ (t an6) Ji^il 
T. Q f fil-tfei^^-^o $e>^C»*L<f*, Qf<S5&^ 3 
8, OOOJi^iT^O^ ,J:DSf^b<ti> 5 7, 0 0 0 

^m^x^fzmim. (ghz) if&^^^j^^cct^^^T^'So 
%m<Dmmm.&m\z^^^x\^. 2 0 ghz-- e 0 ghz^wh 
x(DQ fmx&^^ti)m^\^\^^o 
[0 0 131 ^tz. if^moym^^^m^. ^K>^wm 

\Z\t. -^©2 3GHz JC*5frt^SSS»a* (tan (5) 
ox 1 0-^e4T®«Sai^«lT»So <i:D»^b< 
ti, 6X 1 0~^J|^Toag§fflfiK#lT^^« $^tC»^b 

<{^, 5X1 o~'*jej^T<omsgffl^ifej'r^'2>o mm^m^ 

[0 0 14] ±fH^«^(7)iaS^§cS:U^/XJl^Sft^a 

^^m?i^m^m^m\t. ^^m^mmtLiyX'>fs.<t: 

jffSLvn y:t)l7s^y^h(0^)l»mo%&> 

±s i%^Tx$>r). '^^ym.tf)Vi^^2:.(D=e)v^m\ 

0%jKA±5 0%l^ilTT^O, Xtf^;KO^;i.^J'^9%fel 
Ji9 0%eAT®«5HT»^Ci::^W*H.i« ^0)^;^^^ 
^o®Ht^. 01l;i43ViT. ®H (A1+A2) {CffiS 
-r^o <a:0»^L<ti. ^^>K*;^v-':7A^^$^lcl 

o%^A±Ao%^yx^^. zL<Dmm\^s mi\z^\f^ 
T> »^-e^$n^ifiHA2^;ifflSf So fs.^. mm 

(AH-A2) ^Sl^«®HA2Jc::fe(/iT> :7^;VX5^ 

h(o^)v^mf>^i%&.±.x^^^^tm^\^<. ^ 

[0 0 15] :i(DWi^mKm (Al + A2) tl. 1^^ 

tc, ^^7tm<DmimwkW-m(D^)v^m (%) >&^Mg 

0 : 2 5%£Jl±6 1 %etT. S i O2 : 0 %iEJUi2 9 % 
gilT. CaO : 3%et±2 5 %JEi^T. T i O2 : 3 %£t 
ii2 5%J!^T, AI2O3: 2%jeA±4 5%KT<0ffiHT 
^-So ctO»^bViSSHA2«. MgO : 3 0%i^t±6 

1 %«T. S i O2 : 0 2 9 %£ilT. C a O : 3 
%i^±2 0%J&lT. T i O2 : 3%Si±2 OX&LT. A 
1 2O3 : 2 %&.±4 5 %J!^TcD«iHT*So 

[0 0 16] ^fc. ia>;5:< <ht>:7:r;i/X7^^-r h^^ig 

m\z^^z.tf)m^i^^^o ^(omm\t. mio) (ai + 
A 2) sB«i^tc:teviT, mcT-sp±<Dj^xm^^n 
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c(Dmm\t. mio)A2mm^(DmcT-sp±<D 
y:t)V7.y''y-( h^^mm&^mtvx^tsm^\z\t. 

[0 0 17] c<Dmm\t. mm\z. ^ii^ycmomit^m 

wm(D^)i^mf)^Mso : 3 o%m^6 i%e^T> s i 

O2 : 0%m^2 9%RT> CaO : 3%JWJi2 5 

T i O2 : 3 %U± 2 5 A 1 2O3 : 2%J^ 

O 3 0 6 1 %JeAT. S i O2 : 0 %m?L 2 9 

T> CaO: 3 2 0 T i O2 : 3 %£tJi 

2 0 %^m. A 1 2O3 : 2 %a±4 5 %gtTT*^o 
[0 0 18] ^fc, 5^^>K*;l/->^7Ai:Xlf:^^;KO^ 

mtiJVz^^A : 7.\:^^)V(D^)i^6^m\t. 10% : 9 0% 
U±SO% : 5 0%©i5HT^^c:<i:3&W^bl'io Mit 
mmmmx\t. MgO : 2 5%Je^±4 0%J[^AT. SiO 
2:0%, C a O : 5 %j^± 2 5 %J^T. T i O2 : 10 
%Sk±2 5%SKr. AI2O3: 2 5%£A±4 0%J!^T'e 

[0 0 19] ^A±mmLrc<^o\z. ^mmcDmmm^m 

^> ^«5i'7C^cD^fl:^i^#MO^;V^^;^f^M g O : 2 5 
%6Jl±6 1 S i O2 : 0 %^±.2 9 %i^T. C a 
O : 3%J[^±2 5%eJ!.T. T i O2 : 3%i^Ji2 5%K 
T. A I2O3 : 2%JetJi4 5%£tTCDlgHT»^C<h*^ 
»^b<. ^Dif^bV^igHtl. MgO3 0%e^Ji6 1 
%£tT. S i O2 : 0%&.±,2 9%£;T. CaO: 3% 
JKJ12 0%EJIT. T i O2 : 3%1^±2 OXi^T. A 1 2 

03 : 2 %J!^±4 5 %&.~f(Dl^mx$>^o CCDM^mm 

\t. mmSc (GHz) (tand) 2 

0, 0 0 Ol^JiT^'2). ^ggffl^i^T^^o ZZX. m 
ffitISc (GHz) (t an6) ^T. Qf 

Mtt)li'9o ^^\Z»^h<\t. Qimf)^. 3 8, 0 0 
0&.±X^D. J:D»^L<(i. 5 7, 0 0 0K±T* 
*r#:MtCfi. 2 3GHz{C:fefrt^ilS^a^ 
OX 1 0-^JEtT> cJ:DJf*U<H> 6xio-^«T 
^^0, $^{cSF*L<fi. 5X 1 0-^JetT<h;&'5o * 
;^c> sm^coM^#Sc^^- 1 0 0 p pm/t:«±+ 5 0 
ppm/r:J!^T. JF^b<(^, - 8 0 p pm/X:JEAJ:+ 
40ppm/t:«T. $^(C»^b<tt-7 0 ppm/ 
nc:jet±+ 4 0 p v>m/^X:&rFtfSi^o 

[0 0 2 0] (m?sm,^m<omn:^m) y^)V7.^^-f 



(4) 2000-344571 

6 

h\t. MgOihS i 02:^^2 : l(Dm^:fy^^U^. ;^tf 
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[0 0 2 1 ] ^^m<Dm^m^mziDiff^. y:t)V7s9' 
h(Dmm:^mtmzwL^\^f3i\^^o m^it. ^m^m 

t). A 1 203-^. CaO> Fe203, Zr02^<Z)^*E 

10 TVi^Cl^;!iW^bVio A 1 zOstJ^^^O. 10%RT. C 
a0;0^0. 0 5%J1^T> Fe2O3?J)^*0. 0 5 %J^T. Z 
rO;&^0. 4 0%^T. ^^\Z. "^(Dmo^^^m^^O , 
0 l%KKTX$>^Ctf)m^l^\^K KiSXgJr43 

[0 0 2 2] y^jvT.^'^-fhmmt. m^\t. 

S i02l&*<h^. ^;Ht75>^2 : 1 tU^^o\zmm 

V. ^u^^y^^-jv^m^^x^^-jv^Mz^vf^^-r 
20 -So m-^it. jff^b<«2 o^ra£JUit-rso 

S'&^f^l 0 0ST2 4^^mjgUT. I^<Sfig^i^.h-r 
CKD^^i^I^l 2 0 0'CT{K«ibT:7:t;UX^^-f 

;w&ffi(.^T*iis*+T2 4^rai»»^b> 1 0 0 

t:T2 4^F«mj^bT:7^;i/X7"5-r ht&*i:b/^Co A 
l2O3:i&^0. 10%jS^T. CaOiO^O. 0 5 %RT> F 
62033^^0. ObX^T. ZrO;&«0. 4 0 %£tT> $ 
^IC. ^(;)ffi(D^*iE%:^^0. 0 1 %Je^TTa5^Ci:^>W 

30 T-Tf^-SdchJ^^W^bVio ct;D*f^b<^l, 1. 5 tim 

5 0 %SK±<on.'I'(Ol&mffi 1 /imfitTTfe-S C t*^ 

[0 0 2 3] f3i^. ±iBbfcafflffiJCcfcS7;i-;i/X7^^ 

[0 0 2 4] ^fz. '^^>mti)Vi^^2^mSys\l:^)V(0 

nxi^^^ztf)m^L\^^o 

[0 0 2 5] ^w.pm^\t. ^m^m^m^^WLfi»^ 

t^i.rc^mm^^m(D^)v»mxM^'^n^^Lf)W^ 
vi^^o ms^m^mz\t. ^mm^^mKkmz. iS^str^ 
UT, ^mmmm^mmT^cthx^^. ^mvxm 

-f3^m^m^n^\z\t. 9t^'jkmoy&m:^m^m\^^^:: 

50 
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[0 0 2 6] m^m^, m^u^m^miz^ommoii^ 

:Sn-5. 1100'C~1 6 0 0'C 

T^t). J:0»*b<tt, 1 1 5 0'C~1 5 0 CC-C* 

■5. 

[0 0 2 7] #e.nfc6!i^«^tr:fei^T«. @nfciie# 

!^ (figjg^*) MftWt::^. ^ftlS (GHz) 

/^m«^a* ( t a n 6) J&t, 2 0. 0 0 0«±T* 

aisffl^^iTfes. dd-e. raa^s: (ghz) /»s 

( t a n 5) aT> Q f ffli:*)^^^. Se>fC 
»*U<«. Qfffl*^ 3 8, 0 0 0eA±Tfe0. cfcD 
»*l,<«, 5 7, 0 0 0K±Tfe^. J;D*«:WIC 
tt. 2 3GHz -SSfSftcM^** 10X10 ""JK 
T, J;OJf*L<tt. exiO-'KtT. $e.{zj?*b< 

tt. 5x 1 o-^'JE^Tt^s-s. mmmoummm^ 

- 1 0 0 p pm/'C«±+ 5 0 p pm/'C^T. 

< tt. - 7 0 p pm/1CUil±+ 4 0 p pmyC&rft/Si 

[0 0 2 8] #e.nfcSSJ«#:JCO^, X^lsISf^^W (C 
uKa. l^ttXiW : 1. 5 4 A) Srfr^ii. 

tJ«§§mfig#UC*oTtt, lUSf^l (2 0) *t2 7- ~2 

i7®, yyf)V7.v'y'ivm^(ri±mm\i-i7 os" ~ 
3 7° ) tc^t-.5ffl«^«tt. 6%e;T-e»sc:i:*w 

CO 0 2 9] «±SiWbifcJ:t*^e>, *f!?gtt«T©«fi 

(1) 7*;i'X5^5'f hi. =}-f>m.tS)Vxy^L.ii. X 

7:f;i/X7"^-f h®*;i/5j-^o%eA±8 1 %e^T. ^9 
>^:*j;p->'i7A®^;i^5i-^i 0%eA±5 o%eiT. xtf 
:^=.J^®^:;^^i■^9 %£^±9 o%iJAT®SSH-ejg-&LTil 

(2) WIS (1) JC:fet»T. ttrSB?^^>K*;W->C7A® 

(3) 7;j-;i'X5^5-f ht. 5^^'>K:*JVv"?At. X 
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L. sii^b, xmmvxn^—yvL^n^mmn <2e) 

2 7' ~2 8° ®«SH®lHlSTfc!— i'®. y^)V7.'r^^ 

<»gm^i^®i3i§;&&o 

[0 0 3 0] 

10 *3. Xtf:^;Ptt. *etf99. 9%, am 3 tfm®*ISiBS: 
1) 7:t;PX7^7-1' H®^^ 

KfllS^ (S i O2 : *Ea99. 896. nm. 7 AiinT^SR 

<a) t.mt-^if^i^'yL^mso -.nm^. 99%. <as 

0. OSwmrlTfigffi) ^&l^*2®^rJHtT-&ffi-l 0 0 gt;5: 
-5J:^tC»0«0. gl Onffli®#U'^W'^>ftS«^^5 
1 0 0<St7K2 2 Omlt*K:if«l 0 0 0iil®!l?UX5^ 
U>m\ZXn. 6 ORPM -e4 8B#PBl}i^bfe. d^LT 
»6nfcX^U-?£ll?Ll 0 0 Mm®®<fefflb;fea, 
20 ifea)tUTl£i®»**»S. J:®IS:JSt»**. iWft99.9 
%®y;i'5:t-msi9Jg(cAn, i i 5 0"C-e3^ra. :K 

[0 0 3 1] 2) ^^'>K*;V->'i^A®^^ 
^K*;P->C'A (K3l«r«) (ttliH#») 
Sr 1 1 ®^r;Ht7?-&fft 1 0 0 g^:;5:-5J;5JC«0S 
0. gl Oiimi®#'J'i7U^'>»ffi«tJ*Hl 0 0Hi:*3 
0 Omli^^tC^ai 0 0 0ml®5j?Ux^^»SJCAn. 
6 ORPM -C4 8^^m^Ufc. d 5 LT#e.tlfcX^ U 
-*P8?L1 0 0Mm®IS*i::febT^. ^i^$£jtLTl£ 
30 ^l^i^^mc, ;i®S£^ia*Sr. *Efi99.9%®T;i'5-^- 

14 0 o-CTs^M. ±%^m%'¥'v 

[0 0 3 2] 3) m-g-. 

7*;i'X5^7'f ht. 5=-^>K*;i''>'>At. xt!^;i' 

t®H*S^fCOt,^T. 03~5(CS^-r^Jg«ai. ttg^MS. 
t;^fig«3J®^:)l'»^-ell^BfJi^i^?£ji^b, )^^l£^b 

JtlSS«l&a^^*M«»l®tt«tbfc. ;S::fe. ^I^JfiW. JtR 

«sjRO:**fiS«»J®^;l'^J-^<C*tl£:r^,«*^ 0 2®Hfigi)- 

(OM.\t. T^SrSgb;rcltSM®##T*:^n. ?:*fig«ajtc 
?tl£:-r^fflfig®-^«. ^STiS<&lfSb;^c^*MW®#-^-e 
^^nXVi-S. ^^n;tag®^m«^ t an 6 (2 3 

GHz) ^:Slfl^®&ft«iS!c$al^b>&. 

asffsc«. ^mw^m^WiJ 1SRI627-199 
6{c»-:?v>Tlliebfc. sf^^®tasig»«. St 
!^<&m5£®&®SlcSiJ||bfcfiM1f rt{c-fe-y h bT#ia 
50 S. (2 7*C, 4 5*0, 6 3*C. 8 0*0 T®Sim^*ai 
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immm-um) cos«i^*i6. co^m^^^w 

-> (CuKa, 1#ttX«|: 1. 5 4 A) ^m^. 

[0 0 3 3] mnm^cDU'^mts m^^-)v^)vm'^ 

^miyfc^. 1 5 O^-yv'a.ODlSJcaUT^^tbfco 
c:<DM5|sfii'&4^^. SI 5mm. JS^ 1 OmmCORttft: 
tC^^-^fiKJ^L. SOOOkg/cm^T^ 

$^fC. 1 1 4 Ot:-! 6 0 0'CT?2^ra«EfigL 10 

[0 0 3 4] cnecD^^fCctnti. ^js^sj 1 2 1 

*5ViT. -9 0ppm/1CgJl±+4 0ppm/'CJ!^T<^ 
fflS€5»T*t>fco *Jfifift|l-l 4XD^SIJfifiajl 

9--2 1 fC*5t<iT. - 7 0 p pm/'Cl^±+4 0 p pm 

-9 0ppm/t:K±+4 0ppm/t:«T(^)MS«g» 20 

5X 1 O-^i^TCDglSa^ (QimtVX\t. 46 
0 0 0l^±) ^^^c:t;«>^*T^fCo ^fc> ^iS««Jl-l 
4 {C:feViTli, - 7 0 p pm/t:£Jl±+ 4 0 p pm/r 
JKTa)Sa^«»<i:. 5 X 1 0-^JEilT<08a«^ (Q f M 
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